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ABSTRACT

Growing concerns over engine emissions have accelerated the search for alternative
energy sources, with hydrogen emerging as a promising solution to reduce dependence on
non-renewable fuels. In modern automotive systems, bearings are essential for achieving
performance targets by supporting rotating components, carrying loads, and facilitating
torque transfer. The effectiveness of introducing dimples on the contact surfaces of journal
bearing depends on various factors. Careful consideration needs to be clarified as the
wrong selection would have a detrimental effect on the surface. In this study, the conical
and spherical shapes of the dimple’s bottom profile were fabricated on the shaft surface.
The experiment was conducted by using a journal-bearing test rig with a 0.5 length-to-
diameter ratio, made of Stainless steel SS304, and lubricated by mineral-based oil VG68.
The experiment was conducted under various operating conditions. It was observed that
the spherical shape demonstrated significant improvement in terms of friction coefficient,
load-carrying capacity, and minimum oil film thickness compared to that of the conical
shape and smooth surface respectively.

Keywords: Journal bearing, Surface texture, Tribology, Lubrication, Hydrogen engine

©2025 Penerbit UTM Press. All rights reserved

1.0 INTRODUCTION

The growing demand for sustainable transportation has catalyzed significant advancements
in alternative propulsion technologies. Among these, hydrogen-fuelled internal combustion
engines (H2ICE) have garnered increasing interest as a viable near-term solution due to
their clean combustion characteristics and compatibility with existing engine architectures
[1]. Unlike conventional fossil fuels, hydrogen combustion generates no carbon-based
emissions, effectively mitigating pollutants such as unburned hydrocarbons (HC) and
carbon oxides [2]. This renders H21CE a promising candidate for achieving cleaner mobility
while leveraging established manufacturing, supply chain, and recycling infrastructures.
As the automotive industry transitions toward sustainable propulsion technologies,
including hybrid, battery-electric, and hydrogen-powered engines, optimizing key engine
components remains imperative. Among these, journal bearings play a crucial role in
ensuring efficiency, durability, and overall powertrain performance [3]. Bearings within
H:ICE systems are subjected to distinct operational challenges, including altered
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combustion characteristics, lubrication constraints, and thermal variations. These factors
directly influence material selection, design optimization, and maintenance strategies. A
comprehensive understanding of these challenges is essential for developing high-
performance bearing solutions that enhance the reliability and longevity of hydrogen-
powered engines.

The enhancement of tribological characteristics is critical in minimizing energy losses
and optimizing mechanical efficiency. Various strategies have been explored to achieve
this objective, including optimization of operating conditions, enhancement of lubrication
properties [4], diversification of lubricant sources [5-12], and refinement of geometric
design parameters [13]. Among these approaches, surface texturing has emerged as a
promising technique, wherein contact surfaces are modified to improve frictional
performance and wear resistance. This concept, inspired by natural surface formations,
introduces engineered microstructures such as dimples that influence lubricant distribution
and third-body debris entrapment, thereby mitigating abrasive wear [14]. The presence of
these microstructures facilitates lubricant retention, particularly under starved lubrication
conditions, by enabling the redistribution of entrapped lubricant through pressure-induced
squeeze-out mechanisms. This, in turn, minimizes friction and wear on interacting surfaces.

Lubricants serve as a critical medium for facilitating relative motion between contacting
surfaces, functioning through mechanisms such as rolling, sliding, or shearing [5]. The
selection of an appropriate lubricant is contingent upon key properties, including viscosity,
thermal resistance, and cold-flow characteristics [6]. The viscosity index is a fundamental
parameter in lubricant evaluation, with higher values indicative of superior stability across
varying temperatures [15]. Low-viscosity lubricants are generally discouraged due to their
propensity for displacement under minimal loading, thereby compromising surface
protection [7]. Owing to its exceptional performance, mineral-based lubricants constitute
over 70% of the global lubricant supply [4], with VG 68 selected as the reference lubricant
for the present study.

The efficacy of surface texturing is highly dependent on multiple factors, including
dimple geometry, spatial distribution, location, concentration, motion type, operating
conditions, and bottom profile characteristics. Careful parameter selection is imperative, as
improper dimple configurations have been reported to induce adverse effects on contact
surfaces [16-18]. Since the initial findings on surface texturing in 1996, extensive research
efforts consist of both experimental and numerical have been undertaken worldwide to
elucidate its tribological benefits [19]. These investigations encompass diverse applications
such as thrust bearings, mechanical seals, and piston rings. While most studies have been
conducted theoretically, advancements in simulation technology have enabled the
numerical resolution of increasingly complex governing equations. Furthermore, modern
simulations now incorporate critical operating conditions, including mass conservation
principles, inter-asperity interactions, thermal deformations, magneto-hydrodynamic
effects, and transient phenomena. Nevertheless, the experimental validation of surface
texturing remains limited, primarily due to constraints in machining capabilities required
for fabricating intricate dimple structures on contact surfaces.

1.1  The Tribological Performance of Journal Bearing with Textured Surfaces.

One of the key geometrical factors extensively studied in surface texturing is the shape of
the dimples fabricated on contact surfaces. The geometric parameters of dimples, including
diameter, length, and depth, are crucial in determining their effectiveness in enhancing
performance. Commonly investigated dimple shapes include circular, cylindrical,
rectangular, and elliptical profiles, among others. Certain shapes may contribute to
additional hydrodynamic pressure generation, while others may exhibit negligible
improvements. Furthermore, the efficacy of a specific dimple shape is highly dependent on
the operational conditions, as some configurations may perform optimally in one scenario
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but yield suboptimal results in another. Consequently, there is no universally optimal
dimple design applicable across all operating conditions, and the search for an optimized
combination becomes increasingly complex when considering the multitude of factors
influencing operational performance.

Numerous studies have been conducted to evaluate the effects of surface texturing on
journal bearings. Research on transient behaviors of journal bearings with surface texturing
has demonstrated that the effectiveness of texturing in enhancing load-carrying capacity is
highly dependent on its circumferential positioning [20-22]. Additionally, the incorporation
of textured conical hybrid journal bearings with electrorheological (ER) lubricants has been
found to significantly improve minimum oil film thickness, thereby reducing metal-to-
metal contact [23]. Investigations into internal combustion engine bearing shells with
surface texturing have reported friction reductions of 13% to 18% in comparison to non-
textured counterparts [17]. Furthermore, the application of spherical micro-dimples on
bearing surfaces has been observed to enhance bearing stability and reduce frictional losses
[24]. Recent studies have also explored the impact of textured surfaces in starved
hydrodynamic lubrication regimes, revealing that textured surfaces effectively facilitate
lubricant replenishment within the contact zone under starved conditions [25].

In the context of static behavior analysis, researchers have evaluated journal bearings
with four distinct dimple patterns—chevron, sawtooth, oblong, and aligned dimples. It was
observed that the chevron and oblong dimple patterns contributed significantly to improved
journal bearing performance [16]. Additionally, investigations into continuous-grooved
textures in hydrodynamic lubrication regimes have demonstrated that circular textures yield
superior lubrication performance at lower area densities, whereas square textures provide
enhanced tribological performance when area density exceeds 25% [26]. Another study
examined the performance of textured journal bearings under slip boundary conditions and
pseudoplastic lubrication, revealing that the combination of slip-texturing and rheological
transitions from Newtonian to pseudoplastic lubricants resulted in increased maximum
pressure, reduced temperature rise, and lower friction force [27]. Furthermore, numerical
analyses of hydrodynamic journal bearings incorporating partial texturing and journal
misalignment have shown that partial texturing significantly enhances bearing
performance, primarily due to the micro-pressure recovery mechanism. These
improvements are particularly pronounced at high eccentricity ratios, greater misalignment
angles, and when the alignment angle approaches 0° or 180° [18].

Another critical parameter in determining the influence of dimples is their placement on
either the stationary or moving surface, or both. A study investigating various bottom
dimple profile shapes found that applying dimples to the moving surface (journal) enhances
lubricant flow into the contact region, thereby improving minimum oil film thickness [28].
Experimental studies assessing the effects of dimple placement on the journal, bearing, or
both surfaces have revealed that dimpling the moving surface can yield either performance
improvements or degradations, depending on specific operating conditions [29].

In this study, conical and spherical dimple bottom profiles were fabricated on the
moving (journal) surface rather than the stationary (bearing) surface. The performance of
these dimples will be evaluated using a journal-bearing test rig, with results compared
against those obtained from smooth surfaces.

2.0 EXPERIMENTAL PROCEDURE

The journal-bearing test rig used in this study is shown in Figure 1. It was specifically
designed to measure and determine key parameters in journal-bearing operation. The
machine operates within a rotational speed range of 1800 rpm and supports a radial load of
up to 120 N. While higher radial loads could be accommodated, additional modifications
to the setup may be required.
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This journal-bearing test rig comprises several essential components, including a journal
driven by an electric motor, a bearing, a lubricant oil supply tank, a lubricant oil collector,
and a sturdy steel frame. The rig is also equipped with six high-accuracy pressure sensors
that monitor hydrodynamic pressure along the bearing circumference. Additionally, a load
cell is integrated into the system to measure friction torque. All sensor outputs are
connected to a data acquisition system, enabling real-time data collection and monitoring.

The journal and bearing components are manufactured from Stainless Steel 304, as
illustrated in Figure 2, with their respective material properties listed in Table 1.
Furthermore, the test rig features a lubricating circulation system, ensuring that lubricant
oil collected from side leakages is pumped back into the supply tank for continuous
operation.

2.1 Methodology

To conduct the test, approximately five liters of lubricant oil were first added to the oil
supply tank. This volume was sufficient for the journal bearing to operate within the oil
circulation system. The rotational speed was then set using the speed controller, and the
dead weight was placed on the load holder.

Before initiating the test, it was essential to tighten the nuts securing the load cell to the
lever arm. This step was necessary to prevent excessive vibrations during startup. Once the
machine was running and had reached a stable condition, the nut was loosened to ensure
that the bearing and load cell were not rigidly attached to the body frame.

When the oil level in the collection tank reached a sufficient level, the oil circulation
pump was activated. Two critical control measures required careful monitoring during the
test: the oil level in the supply tank and the oil supply temperature. Maintaining consistent
inlet oil pressure and temperature across all test runs was crucial for ensuring accurate,
reliable, and comparable data collection.
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Figure 1: Journal bearing test rig
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Figure 2: Journal (left) and bearing (right) made of Stainless steel 304

Table 1: General specification of the journal and bearing

Parameter Value

Journal Material Stainless steel 304
Bearing Material Stainless steel 304
Journal diameter 99 mm

Bearing diameter 100 mm

Bearing length 50 mm

Radial clearance 0.5 mm

Length to diameter ratio 0.5

2.2 Surface Texturing on The Journal Surface

Two types of dimples were introduced in this study: spherical and conical. Figure 3
illustrates the dimple shapes and their geometric configurations on the shaft. The
fabrication process required specialized drill kits, and the dimples were precisely machined
using a CNC machine to ensure high accuracy. The dimples were arranged in an equilateral
triangular matrix, as depicted in Figure 4.
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Figure 3: The dimple’s bottom profile and its geometry of spherical (a) and conical (b)
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Figure 4: The dimple arrangement on the journal surface. All dimensions are in millimeters (mm)

2.3

Experiment Conditions

The experimental conditions for the journal-bearing experiment are summarized in Table
2. The selected speed range of 200 to 1000 rpm was chosen to analyze the tribological
behavior of hydrodynamic journal bearings under low-to-moderate rotational speeds,
which are crucial in hydrogen engine operations. This range includes idling conditions and
low-speed transient phases, such as startup and shutdown, where lubrication performance
and frictional characteristics play a key role in bearing wear and efficiency.
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A duration of 20 minutes was sufficient for the bearing system to reach a stable
hydrodynamic lubrication regime. Measurements were consistently conducted under
steady-state conditions. To ensure this, startup times were allocated for thermal
stabilization. Between tests, key parameters such as temperature and flow rate were
carefully monitored until stabilization was achieved.

Table 2: Experimental condition for journal-bearing test

Parameter Description

Radial load 10N /20N /40N / 60N / 8ON / 100N

Shaft speed 200rpm / 400rpm / 600 rpm / 800 rpm / 1000 rpm
Duration 20 minutes / cycle

Oil tank level control 80 %

Oil inlet temperature 35°C

Lubricant Shell Omala VG68

The lubricant oil VG68 has a kinematic viscosity of 65.3 ¢St at 40°C and 11.9 cSt at 100°C.
The oil temperature and viscosity along the bearing circumference were assumed to remain
constant. Each test was conducted in triplicate to ensure the reliability of the obtained data.

2.4 Data Collection and Analysis

In the journal-bearing test rig, pressure readings from the top half circumference were
recorded using pressure sensors to determine the eccentricity ratio. Simultaneously, load
cell readings were used to calculate the friction torque and friction coefficient. Other
journal-bearing parameters, including load-carrying capacity and minimum film thickness,
were determined analytically.

3.0 RESULTS AND DISCUSSION

The analysis focused on the effects of surface texturing on the moving surface (shaft or
journal) rather than the bearing surface. Key journal-bearing parameters, including the
friction coefficient, load-carrying capacity, and minimum oil film thickness, were
evaluated. Two types of dimples with different bottom profiles which are conical and
spherical were investigated, and their performance was compared to that of a smooth
surface.

3.1 The Effects of Different Dimple’s Bottom Profiles on The Friction Coefficient.

In Figure 5(a), at a fixed shaft speed of 200 rpm, the friction coefficient was observed to
decrease with increasing load. A similar trend was found at a higher speed of 1000 rpm, as
shown in Figure 5(b). Conversely, at a fixed radial load, an increase in shaft speed resulted
in a higher friction coefficient, as illustrated in Figures 6(a) and 6(b).
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Figure 5: Friction coefficient at a shaft speed of 200rpm (a) and 1000rpm (b)
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Figure 6: Friction coefficient at a radial load of 10N (left) and 100N (right)

The experimental results in this study align with those of Galda et al. [29], who reported a
friction reduction of over 57% when texturing the journal surface with spherical dimples
compared to a smooth surface. Similarly, in this study, the presence of surface textures—
both spherical and conical—on the shaft reduced the friction coefficient relative to a smooth
surface. Among the tested profiles, the spherical bottom shape consistently exhibited a
lower friction coefficient than the conical shape under all operating conditions. At fixed
loads of 10N and 100N, the spherical shape demonstrated 34.8% and 17.7% lower friction
coefficients, respectively, compared to the conical shape.

Both dimple profiles shared common geometric parameters, including depth, aspect
ratio, density, and arrangement. However, the spherical shape had a 138% larger volume
than the conical shape, which likely contributed to its superior friction reduction
performance. The percentage difference in friction reduction between this study and that of
Galda et al. [29] can be attributed to variations in experimental setups, such as differences
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in applied load, dimple depth, lubricant properties, and operating conditions, as
summarized in Table 3.

During journal bearing operation, dimples on the shaft surface caused a pressure drop
in the dimple area. According to Nanbu et al. [28], the higher pressure outside the dimple
region led to greater elastic deformation at the dimple edges. As the pressure decreased, the
volume of the deformed dimple shrank, squeezing lubricant out of the dimple and providing
additional lubrication. This phenomenon, commonly referred to as the squeeze effect, was
also observed by Gropper et al. [30], who identified the buildup of pressure at the dimple
inlet as a key factor in this process. The larger volume of the spherical dimples facilitated
a higher micro-lubricant flow, supplying excess lubricant to the journal bearing and
ultimately reducing friction more effectively than the conical shape.

Table 3: Experimental setup comparison

Parameter Galda et al (2019) Experimental data
Journal material Hardened 42CrMo4 steel  Stainless steel 304
Bearing material CuSn10P bronze Stainless steel 304
Journal diameter (mm) 80 99

Bearing diameter (mm) 80.1 100

Bearing length (mm) 45 50

Radial clearance (mm) 0.05 0.5

Dimple depth (um) 53 1000

Dimple diameter (mm) 0.75 0.5

Load (N) 6000 10-100

Rotational speed (rpm) 5-100 200-1000

3.2 The Effects of Different Dimple’s Bottom Profiles on The Load-Carrying
Capacity

The effect of spherical and conical dimple bottom profiles on load-carrying capacity at
various eccentricity ratios is presented in Figure 7 and Figure 8.
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Figure 7: The load carrying capacity at a shaft speed of 200rpm (left) and 1000rpm (right)
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Figure 8: The load-carrying capacity at a radial load of 10N (left) and 100N (right)

The previous study suggested that surface texturing might have both positive and negative
impacts on journal bearing performance [18,29], depending on various factors such as
dimple geometry, density, lubricant properties, and the operational conditions of the
bearing. Generally, it was observed that load-carrying capacity increased with an increasing
eccentricity ratio at a fixed load, while it decreased with an increasing eccentricity ratio at
a fixed speed. More simply, load-carrying capacity increased with increasing radial load
and shaft speed.

At a speed of 200 rpm, the spherical dimple shape exhibited 20.11% and 12.58% higher
load-carrying capacity than the conical shape at low and high eccentricity ratios,
respectively. Meanwhile, at a speed of 1000 rpm, the spherical shape recorded only 7.66%
and 4.75% higher load-carrying capacity than the conical shape at low and high eccentricity
ratios, suggesting that the advantage of the spherical shape is more pronounced at lower
shaft speeds.

Additionally, at a radial load of 10N, both dimpled surfaces exhibited lower load-
carrying capacity than the smooth surface, indicating that at a fixed low load, surface
texturing negatively impacted load-carrying capacity. This phenomenon might be
attributed to the weak squeeze effect experienced by the textured surface. At a low load of
10N, there was no significant pressure drop in the inlet zone of the dimpled areas, leading
to weaker lubricant inflow into the contact region [31, 32]. Conversely, at higher radial
loads, a greater pressure drop at the leading edge of the dimple resulted in increased
lubricant flow into contact, thereby improving load-carrying capacity, as observed at a load
of 100N.

Regarding dimple geometry, the conical shape featured sharper edges and a wider
divergence wedge at the inlet zone compared to the spherical shape, which had a gentler
gradient. According to Nanbu et al. [28], sharp edges and divergence wedges contribute to
pressure drops, with sharper edges causing deeper pressure drops. Consequently, the
conical shape, with its sharper edges, was expected to experience a higher pressure drop,
leading to a stronger squeeze effect and increased lubricant flow to the contact surface,
thereby improving load-carrying capacity. However, the spherical shape's larger volume
overshadowed the high-pressure drop effect of the conical shape's sharper edges. As a result,
the spherical shape exhibited 12.58% and 4.75% higher load-carrying capacity than the
conical shape at low and high eccentricity ratios, respectively.
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3.3 The Effects of Different Dimple’s Bottom Profiles on The Minimum Oil Film
Thickness

The graph of minimum oil film thickness for the smooth, conical, and spherical bottom
shapes of dimples was plotted at various shaft speeds and radial loads using the eccentricity
ratio as a reference, as presented in Figure 9 and Figure 10, respectively.
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Figure 9: Minimum oil film thickness at a shaft speed of 200rpm (left) and 1000rpm (right)
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Figure 10: Minimum oil film thickness at a radial load of 10N (left) and 100N (right)

It was generally observed that the minimum oil film thickness decreased with increasing
eccentricity ratio. Across all cases, the spherical shape exhibited a higher minimum oil film
thickness compared to both the conical and smooth surfaces. In terms of dimple bottom
profiles, the spherical shape demonstrated a 49.52% and 39.72% higher minimum oil film
thickness at shaft speeds of 200 rpm and 1000 rpm, respectively. Additionally, the spherical
shape showed 28.86% and 53.99% higher minimum oil film thickness compared to the
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conical shape at radial loads of 10N and 100N, respectively. These findings indicate that
the spherical shape is more effective in enhancing minimum oil film thickness at low shaft
speeds and high radial loads.

A similar observation was made by Nanbu et al. [28], who found that surface texturing
on a moving surface significantly improves minimum oil film thickness compared to a
smooth surface or a combination of smooth and textured surfaces. This improvement is
primarily attributed to the additional lubricant flow induced by the squeeze effect, as
predicted by Patir and Cheng [33]. The spherical shape, with its larger volume and stronger
squeeze effect, facilitated greater lubricant inflow to the contact surface, thereby enhancing
load-carrying capacity more effectively than the conical shape. Furthermore, it was
suggested that the faster the textured surface moves, the more pronounced the improvement
in oil film thickness.

4.0 CONCLUSION

The study analyzed the impact of different dimple bottom profiles on the shaft surface
concerning journal bearing performance. The key comparisons and findings were
thoroughly discussed, leading to the following conclusions:

1. The spherical shape significantly reduced the friction coefficient under all operating
conditions compared to conical and smooth surfaces. This reduction was attributed to
the higher dimple volume, which enhanced the squeeze effect and increased the
minimum oil film thickness.

2. The spherical shape exhibited a strong squeeze effect, which improved load-carrying
capacity at higher radial loads. However, at lower radial loads, the squeeze effect was
weaker, resulting in minimal benefit to load-carrying capacity for both spherical and
conical shapes.

3. Greater dimple depth contributed to an increase in the minimum oil film thickness.
Among the tested profiles, the spherical shape provided the most significant
improvement in minimum oil film thickness compared to conical and smooth surfaces.

ACKNOWLEDGMENTS

This work was supported by Higher Institution Center of Excellence (HiCOE) program of
Ministry of Higher Education (MOHE) Malaysia under HiCOE Research Grant
(R.J130000.7824.4J743) and Fundamental Research Grant Scheme, UTM,
FRGS/1/2024/TK10/UTM/02/19 (R.J130000.7824.5F735).

REFERENCES

1. Onorati A, Payri R, Vaglieco BM, Agarwal AK, Bae C, Bruneaux G, Zhao H. The role of hydrogen for
future internal combustion engines. International Journal of Engine Research. 2022; 23(4): 529-40.

2. Shadidi B, Najafi G, Yusaf T. A review of hydrogen as a fuel in internal combustion engines. Energies.
2021; 14(19): 6209.

3. Khaire M. Role of bearings in new generation automotive vehicles: Powertrain. Advances in Applied
Hydrogen Engineering Systems in Automotive Industry. 2020.

4. Zulhanafi P, Syahrullail S, Faizin ZN. Tribological performance of trimethylolpropane ester bio-lubricant
enhanced by graphene oxide nanoparticles and oleic acid as a surfactant. Tribology International. 2023;
183:108398.

5. Chen X, Wen G, Guo Z. What are the design principles, from the choice of lubricants and structures to the
preparation method, for a stable slippery lubricant-infused porous surface? Materials Horizons. 2020; 7(7):
1697-1726.

6. Puhan D. Lubricant and lubricant additives. Tribology in Materials and Manufacturing-Wear, Friction and
Lubrication. 2020.

10.11113/jm.v48.576 Page 61



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Chong W.Q, Paiman Z, Samion S, Yazid M.N.A.W.M
Jurnal Mekanikal, December 2025, 48: 50-62

Zulhanafi P, Syahrullail S, Abdul Hamid MK, Chong WWF. The effect of saturated and unsaturated fatty
acid composition in bio-based lubricant to the tribological performances using four-ball tribotester. Journal
of Oil Palm Research. 2021; 33(4): 653-67.

Bhattacharjee B, Chakraborti P, Choudhuri K. Selection of suitable lubricant for sliding contact bearing
and the effect of different lubricants on bearing performance: a review and recommendations. Tribologia-
Finnish Journal of Tribology. 2020; 37(3—4): 13-25.

Paiman Z, Samion S, Yazid MNAWM, Rasep Z. Tribological performances of trimethylolpropane (TMP)
blended with graphene oxide using four-ball tribotester. Tribology Online. 2024; 19(1): 1-10.

Yadav A, Singh Y, Negi P. A review on the characterization of bio-based lubricants from vegetable oils
and role of nanoparticles as additives. Materials Today: Proceedings. 2021; 46: 10513-10517.

Ribeiro Filho PRCF, do Nascimento MR, Cavalcante Jr CL, de Luna FMT. Synthesis and tribological
properties of bio-based lubricants from soybean oil. Biomass Conversion and Biorefinery. 2024; 14(17):
20509-20521.

Huang Q, Shi X, Xue Y, Zhang K, Wu C. Recent progress on surface texturing and solid lubricants in
tribology: Designs, properties, and mechanisms. Materials Today Communications. 2023; 35: 105854.
Manser B, Belaidi I, Hamrani A, Khelladi S, Bakir F. Texture shape effects on hydrodynamic journal
bearing performances using mass-conserving numerical approach. Tribology-Materials Surfaces &
Interfaces. 2020; 14(1): 33-50.

Lu P, Wood RIJ. Tribological performance of surface texturing in mechanical applications - A review.
Surface Topography: Metrology and Properties. 2020; 8(4): 043001.

Panwar P, Schweissinger E, Maier S, Hilf' S, Sirak S, Martini A. Effect of polymer structure and chemistry
on viscosity index, thickening efficiency, and traction coefficient of lubricants. Journal of Molecular
Liquids. 2022; 359: 119215.

Filgueira Filho ICM, Bottene AC, Silva EJD, Nicoletti R. Static behavior of plain journal bearings with
textured journal—experimental analysis. Tribology International. 2021; 159: 106970.

Vladescu SC, Fowell M, Mattsson L, Reddyhoftf T. The effects of laser surface texture applied to internal
combustion engine journal bearing shells—an experimental study. Tribology International. 2019; 134: 317-
217.

Manser B, Belaidi I, Hamrani A, Khelladi S, Bakir F. Performance of hydrodynamic journal bearing under
the combined influence of textured surface and journal misalignment: A numerical survey. Comptes Rendus
Meécanique. 2019; 347(2): 141-65.

Rasep Z, Yazid MNAWM, Samion S. Lubrication of textured journal bearing by using vegetable oil: A
review of approaches, challenges, and opportunities. Renewable and Sustainable Energy Reviews. 2021;
146: 111191.

Wang Y, Jacobs G, Konig F, Zhang S, Von Goeldel S. Investigation of microflow effects in textures on
hydrodynamic performance of journal bearings using CFD simulations. Lubricants. 2023; 11(1): 20.
Codrignani A, Frohnapfel B, Magagnato F, Schreiber P, Schneider J, Gumbsch P. Numerical and
experimental investigation of texture shape and position in the macroscopic contact. Tribology International.
2018; 122: 46-57.

Hingawe ND, Bhore SP. Tribological performance of a surface textured meso scale air bearing. Industrial
Lubrication and Tribology. 2020; 72: 599-609.

Kumar A, Sharma SC. Textured conical hybrid journal bearing with ER lubricant behavior. Tribology
International. 2019; 129: 363-76.

Tomar AK, Sharma SC. An investigation into surface texture effect on hole-entry hybrid spherical journal
bearing performance. Tribology International. 2020; 151: 106417.

Yagi K, Matsunaka W, Sugimura J. Impact of textured surfaces in starved hydrodynamic lubrication.
Tribology International. 2021; 154: 106756.

Guo Q, Zheng L, Zhong Y, Wang S, Ren L. Numerical simulation of hydrodynamic lubrication
performance for continuous groove-textured surface. Tribology International. 2022; 167: 107411.

Arif M, Kango S, Shukla DK. Analysis of textured journal bearing with slip boundary condition and
pseudoplastic lubricants. International Journal of Mechanical Sciences. 2022; 228: 107458.

Nanbu T, Ren N, Yasuda Y, Zhu D, Wang QJ. Micro-textures in concentrated conformal-contact lubrication:
effects of texture bottom shape and surface relative motion. Tribology Letters. 2008;29:241-52.

Galda L, Sep J, Olszewski A, Zochowski T. Experimental investigation into surface texture effect on journal
bearings performance. Tribology International. 2019; 136: 372-84.

Gropper D, Wang L, Harvey TJ. Hydrodynamic lubrication of textured surfaces: A review of modeling
techniques and key findings. Tribology International. 2016; 94: 509-29.

Olver AV, Fowell MT, Spikes HA, Pegg IG. ‘Inlet suction’, a load support mechanism in non-convergent,
pocketed, hydrodynamic bearings. Proceedings of the Institution of Mechanical Engineers, Part J: Journal
of Engineering Tribology. 2006; 220(2): 105-8.

Fowell M, Olver AV, Gosman AD, Spikes HA, Pegg IG. Entrainment and inlet suction: two mechanisms
of hydrodynamic lubrication in textured bearings. Tribology International.

Patir N, Cheng HS. An average flow model for determining effects of three-dimensional roughness on
partial hydrodynamic lubrication. Transactions of the ASME Journal of Lubrication Technology.

10.11113/jm.v48.576 Page 62



